Introduction: Bipolar hemi-arthroplasty of the hip is a commonly performed procedure in elderly patients with intra-capsular fracture of the neck of the femur with good short-term results for pain relief, return to activity and morbidity. The incidence of intra-pelvic prosthesis migration or protrusion is rare and one of the inciting factors is chronic low-grade sepsis. Acetabular prosthesis protrusion poses a difficult and challenging surgical problem due to surrounding neurovascular structures. Case Presentation: We present a case report of 60-year-old Chinese female suffering from chronic sepsis of the hip joint causing acetabular prosthetic protrusion with a concomitant peri-prosthetic femoral shaft fracture secondary to a fall, 5 years post index surgery of bipolar hemiarthroplasty for an intra-capsular neck of femur fracture. This patient subsequently underwent a two-stage revision total hip arthroplasty. We aim to discuss the diagnostic approach and surgical management of this complex case of infected protruded bipolar hip hemi-arthroplasty.
Introduction
Bipolar hemi-arthroplasty of the hip is a commonly performed procedure in elderly patients with intra-capsular fracture of the neck of the femur with good short-term results for pain relief, return to activity and morbidity [1] [2] [3] [4] [5] . However, some of the long-term problems associated with hemi-arthroplasty include more rapid progressive acetabular cartilage degeneration due to articulation with a metallic hemi-arthroplasty component [6] , groin pain, protrusion, stem loosening and subsidence. Some of the late complications leading to failure of hemi-arthroplasty include chronic infection, acetabular erosion and protrusion, aseptic femoral stem loosening and subsidence, which causes groin, thigh and the typical "start-up" pain [1] [2] [3] [4] . The incidence of intrapelvic prosthesis migration or protrusion is rare and one of the inciting factors is chronic low-grade sepsis [7, 8] . The destructive osteolytic process can lead to loss of the structural integrity of the hip joint, causing protruded bipolar hemiarthroplasties [9, 10] . Acetabular prosthesis protrusion poses a difficult and challenging surgical problem, especially when the prosthesis migrates into the pelvis due to scarring of the protruded implants and adjacent neurovascular structures, such as the external iliac artery and femoral nerve [9] [10] [11] . We present a case of chronic sepsis of the hip joint causing acetabular prosthetic protrusion with a concomitant peri-prosthetic femoral shaft fracture secondary to a fall; 5 years post index surgery of bipolar hemi-arthroplasty for an intra-capsular neck of femur fracture. This patient subsequently underwent a two-stage revision total hip arthroplasty. We aim to discuss the diagnostic approach and surgical management of this complex case of infected protruded bipolar hemiarthroplasty of the hip with a review of the literature.
Case Presentation
In 2009, a 60-year-old Asian woman presented with a displaced fracture of the neck of femur after a mechanical fall. She is a non-smoker and her comorbidities include hypertension, non insulin-dependent diabetes mellitus, ischaemic heart disease and peripheral vascular disease. A right hip bipolar hemi-arthroplasty was performed and she recovered well post-operatively. She was later lost to follow-up after one year post-operatively. She was community ambulant with a walking frame 3 years post-operatively with intermittent right hip pain. 5 years later, she presented with right hip pain following a low velocity mechanical fall. Pelvic AP X-ray and right hip AP/lateral X-ray demonstrated grade III (SoteloGarza and Charnley 1978) severe acetabular prosthetic protrusion with periprosthetic fracture,causing loosening over the femoral stem implant, ( Figures  1(a) , (b) and (c)). Her C-reactive protein (CRP) was 21.7 milligram/litre and erythrocyte sedimentation rate (ESR)was 87mm/hour. CT angiogram showed a patent abdominal aorta and iliac arteries. The right common femoral artery travelling closest to the implant (within 8 mm at the 12 o'clock position) with no evidence of aneurysm or dissection noted. Aspiration of her right hip under fluoroscopic guidance was performed with negative culture and unremarkable histological findings with no malignant cells or significant acute inflammation. However, in view of the elevated inflammatory markers, there was significant concern for peri-prosthetic joint infection and the patient was counseled for a 2-stage revision arthroplasty. The first stage revision surgery was performed under general anaesthesia in a left lateral position. The old surgical incision via posterior approach was used. Intra-operatively, there was a large amount of fibrotic scar tissue and heterotropic ossification around the proximal femur, with no frank pus or purulent fluid collection. A thick pseudomembrane was present at the base of the protruded bipolar cup. The wires were removed and a proximal, extended trochanteric osteotomy was performed to expose the femoral stem and gain access to the acetabulum. Tissues were sent for cultures and histology. The femoral stem was removed and the superior, anterior edge of the acetabulum was osteotomised to remove the bipolar head. Methylene blue and tobramycin Simplex cement was moulded over a humeral nail and inserted into the femur as a spacer and the femoral fracture was stabilized with cable wires. The pseudomembrane at the acetabulum was covered with chronos chips and cement was moulded into a ball and inserted into the acetabulum. The greater trochanter was then stabilized to the femur and spacer with wires. Post-operative images are shown in Figures 2(a) and (b) . Intra-operative tissue cultures yielded pan-sensitive Citrobacter koseri. Under the advice of infectious disease specialist, the patient was started on long-term intravenous antibiotics (Aztreonam 2 grams Q8 Hourly) for 8 weeks and subsequently oral ciprofloxacin 500mg BD with trending of inflammatory markers. Before the second stage surgery, a CT-guided core biopsy of the right hip was performed to rule out residual inflammation which showed anegative culture. The patient then underwent a second stage revision arthroplasty 4 months after the first stage of revision arthroplasty. Intra-operatively, frozen section of peri-prosthetic tissues revealed no significant acute inflammatory cell infiltrate. The humeral nail and cement puck was removed. The acetabulum was reamed and fitted with Trabecular Metal™ Modular Acetabular System cup (Zimmer, Inc) with rim fit and press fit in 45 degrees inclination and 20 degrees anteversion and secured with two screws. The femur was reamed with tapered reamers and a press fit femoral stem implant was used, which is further stabilized with cerclage wires. Post-operatively the patient underwent physiotherapy and 29 Jason BT Lim, Chia Liang Ang et al was able to ambulate on post-operative day 4 and was discharged well after one week. At six months post surgery, the patient is, ambulating well, able to do activities of daily living with minimal right hip pain, her follow-up images are shown in Fig. 3 a and 3b .
Discussion
In a meta-analysis by Bhandari et al.(2003) [13] , the use of arthroplasty for the treatment of displaced femoral neck fractures significantly reduces the risk of revision surgery, at the cost of greater infection rates, blood loss and longer operative timing. Acetabular prosthetic protrusio is a known late complication following bipolar hemi-arthroplasty. In some retrospective studies [14, 15] , there are no reports of protrusion in their follow-up. One of the main reasons for protruded bipolar hemi-arthroplasties is due to the presence of infection [9, 10] . The surgical approach to prosthetic protrusion requires several considerations. A pre-operative arteriogram is required to assess the external iliac vessels, which could be entrapped in the scar tissue from the protruded implants. This is because the presence of false aneurysms or any neurovascular involvement could pose a substantial challenge for the surgeon, requiring meticulous removal of the protruded prosthesis [10, 11, 16] . The diagnosis of peri-prosthetic joint infection (PJI) remains a challenge, as there is no single pre-operative investigative modality that is completely reliable. In addition, there are various diagnostic criteria for PJI. The American Academy of Orthopaedic Surgeons [17] has developed recommendations for the diagnosis of PJI, including the use of hip aspiration if both the ESR and CRP tests are abnormal. More recently, the Musculoskeletal Infection Society (MSIS) has developed a set of criteria for the diagnosis of PJI [18] . The ultimate goal of management of PJI is to eradicate the infection and reconstruct a functional, painless and stable hip joint [19] . Single-stage revision (i.e. irrigation, debridement, and re-implantation performed during the same surgery) has been reported to be successful for infected THA [20] . However, due to the wound complexity and soft tissue involvement in infected acetabular prosthetic protrusio, a two-stage reconstruction is recommended [10, 11] , which was performed in our case report. A decline in ESR and CRP levels along with absence of clinical signs of infection are often taken as an indication that it is safe to proceed with the second stage of revision surgery. The use of joint fluid analysis before second stage procedure is helpful to determine the eradication of PJI. In the study by Shukla et al. [21] , they reported that the synovial white blood cell count best identified persistent infection with a cutoff value of 3,528 cells/L, which has 78% sensitivity and 96% specificity. This value is close to the commonly accepted value of 3,000 cells/L for the diagnosis of PJI [22] . We report a rare occurrence of chronic sepsis that is associated with intra-pelvic protrusion of acetabular components following bipolar hemi-arthroplasty. From literature review, it has been obsesrved that the infected cases were mostly female with no apparent explanation for this finding [10] . The presence of acetabular prosthetic protrusion should raise a high suspicion for chronic infection, as they lead to osteolysis and bone resorption of the acetabulum [23] . In our case report, the use of hip aspiration prior to the first and second stage revision surgeries yielded negative cultures. As there were other indications of chronic sepsis of the hip, with elevated inflammatory markers, as well as protrusion of the acetabulum, there was significant concern for peri-prosthetic joint infection, which necessitates the use of 2-stage revision arthroplasty for a long-term successful result. During the first staged procedure, the intra-operative cultures were positive, confirming the presence of PJI. In the second stage of the procedure, the use of frozen section was important to aid in confirmation of the eradication of PJI before proceeding with re-implantation, as the presence of infection would cause a failure of the reimplantation.
Conclusion
This case report contributes to the literature for acetabular prosthetic protrusion secondary to infection. The presence of acetabular prosthetic protrusion should raise a high suspicion for chronic infection, as they lead to osteolysis and bone resorption of the acetabulum. There are three recommendations from this clinical experience. Firstly, there should be a high index of suspicion for chronic infection in protruded prostheses following low energy trauma. Secondly, pre-operative planning for infected protruded prosthetic hips is essential, including arteriogram and a two-staged procedure to tackle possible soft tissue complications. Thirdly, the combined use of serological markers, fluid aspiration as well as intra-operative frozen section is important in the management of PJI and to confirm bacterial eradication before re-implantation.
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